1. Introduction {#s0005}
===============

Cervical cancer is the fourth most common cancer in women worldwide \[[@bb0005]\]. In the United States, it is estimated that there will be 13,800 new cases and 4290 deaths from cervical cancer in 2020 \[[@bb0010]\]. Treatment of women with cervical cancer is largely dependent on the stage of cancer \[[@bb0015]\]. Hysterectomy-based approach is the surgical treatment of choice for women with early-stage cervical cancer \[[@bb0015]\]. In the United States, the vast majority of women with early-stage cervical cancer receive hysterectomy (Supplemental Fig. S1). For instance, 82.7% of women with stage T1b(≤4 cm) disease underwent hysterectomy-based surgical treatment from 2010 to 2016 in the United States.

In the past few months, a global pandemic caused by a novel coronavirus infection (Covid-19) has led to a large number of deaths, creating unique challenges to providing timely care for cancer patients \[[@bb0020], [@bb0025], [@bb0030], [@bb0035], [@bb0040]\]. Mounting evidence shows that cancer patients are at higher risk for severe illness from Covid-19. For this reason, extra care and caution will be needed when proceeding with surgical treatment for patients with malignancy \[[@bb0045]\]. An expert panel suggested postponing hysterectomy for 6 to 8 weeks as a possible option for early-stage cervical cancer in a Covid-19 hotspot area \[[@bb0050]\]. This suggestion is particularly applicable for patients with stage IA2-IIA1 cervical cancer because radical hysterectomy for these cancer stages is likely *via* laparotomy requiring inpatient hospitalization \[[@bb0055]\]. At centers heavily affected by this pandemic, inpatient resources may be limited and patients may be at risk of Covid-19 acquisition during hospitalization.

Prior studies mainly examined the survival effect of wait-time for definitive radiotherapy \[[@bb0060], [@bb0065], [@bb0070], [@bb0075], [@bb0080], [@bb0085], [@bb0090], [@bb0095], [@bb0100], [@bb0105]\], and evidence examining the impact of wait-time for hysterectomy on survival in early cervical cancer remains scarce \[[@bb0080],[@bb0085]\]. Moreover, no supporting evidence was provided in the aforementioned expert panel suggestion \[[@bb0050]\]. The objective of the current study was to examine the significance of wait-time from cervical biopsy to surgical treatment on survival of women with early-stage cervical cancer. Specifically, this study assessed the cutoff of 8 weeks per the recent expert panel recommendation \[[@bb0050]\].

2. Materials and methods {#s0010}
========================

2.1. Data source and eligibility {#s0015}
--------------------------------

This is a single institution retrospective observational study at a tertiary referral medical center. After Institutional Review Board approval was obtained at the University of Southern California, a previously organized institutional database was queried to identify consecutive women who underwent primary hysterectomy or trachelectomy for clinical stage IA-IIA invasive cervical cancer at the Los Angeles County Medical Center from 2000 to 2017 \[[@bb0110],[@bb0115]\]. Those who had pre-invasive cervical cancer at biopsy, did not have hysterectomy or trachelectomy, and had no information for wait-time were excluded from the study.

2.2. Clinical information {#s0020}
-------------------------

Among those who were eligible for the study, patient demographics, laboratory test results, tumor characteristics, treatment types, and survival outcomes were collected from archived medical records. Patient demographics included age at diagnosis, year at diagnosis, race/ethnicity, parity, body mass index, and cigarette use. Laboratory test results at time of diagnosis included white blood cell counts, hemoglobin, platelet, bicarbonate, blood urea nitrogen, creatinine, and albumin levels. Tumor characteristics included histology types, pretreatment clinical cancer stage reclassified per the FIGO 2018 classification at diagnosis \[[@bb0120]\], and presence of pelvic or para-aortic lymph node metastasis per surgical pathological testing. Treatment types included surgery type and use of postoperative radiotherapy.

2.3. Study definition {#s0025}
---------------------

Wait-time was defined as the time interval between the cervical cancer diagnosis with biopsy and surgical treatment with hysterectomy or trachelectomy. Patients were divided into two groups based on wait-time from the diagnosis of invasive cervical cancer *via* biopsy to definitive surgery: short wait-time (\<8 weeks) *versus* long wait-time (≥8 weeks) as suggested by a recent expert panel \[[@bb0050]\]. Disease-free survival (DFS) was defined as the time interval between surgical treatment for cervical cancer and the first recurrence of cervical cancer or death due to cervical cancer. Overall survival (OS) was defined as the time interval between surgery for cervical cancer and death from any cause (all-cause). In this analysis, surgery date rather than diagnosis date was used as the starting point of survival follow-up in order to standardize the exposure effect of wait-time.

2.4. Statistical consideration {#s0030}
------------------------------

Propensity score inverse probability of treatment weighting was used to balance the demographics between the two groups, as described previously (Fig. S2) \[[@bb0125],[@bb0130]\], and survival outcome measures for DFS and OS were assessed. Due to the small sample size, size effect was used for the selection of covariates, and all the covariates with standardized difference \[SD\] ≥0.20 were entered in the model as described previously \[[@bb0135]\]. In the propensity score weighted model, women with long wait-time were assigned a weight of 1/(propensity score) whereas those with short wait-time were assigned a weight of 1/(1-propensity score) \[[@bb0130]\]. Stabilized weights were used and threshold technique was used at the 1st and 99th percentile of the weight distribution \[[@bb0130],[@bb0220]\].

In a propensity score weighted model, size effect was assessed with SD and a value of \>0.20 was considered presence of size effect with clinical imbalance \[[@bb0145]\]. Kaplan-Meier method was used to construct survival curves, and a Cox proportional hazard regression model was fitted to estimate effect size of wait-time on survival outcome, expressed with hazard ratio (HR) and 95% confidence interval (CI). Proportional hazard assumption was tested and satisfied without interaction to time.

Various sensitivity analyses were undertaken to examine the robustness of the study findings. First, analysis was restricted to cases with higher stage disease (FIGO stage IB-IIA disease). Second, generalized boosted model, a class of machine learning, was fitted to balance the two group and estimate the weights. Third, cases were restricted to squamous tumors as this is the most common histology type in cervical cancer. Last, wait-time was examined as a continuous variable, adjusting for *a priori* prognostic factors.

All statistical analyses were based on two-tailed hypothesis, and a *P* \< 0.05 was considered statistically significant. Statistical Package for Social Sciences (version 25.0, Armonk, NY, USA) and R version 3.5.3 (R Foundation for Statistical Computing, Vienna, Austria) were used for analyses. The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were used to outline the results of this observational cohort study \[[@bb0150]\].

2.5. Systematic review of literature and meta-analysis {#s0035}
------------------------------------------------------

A systematic review of the literature was undertaken to assess the survival impact of wait-time for hysterectomy in early-stage cervical cancer. The detailed methodology is described in Supplemental Methods S1. In brief, multiple public search engines, PubMed, Scopus, and Cochrane Central Register of Controlled Trials (CENTRAL) were utilized and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were consulted to identify the eligible studies \[[@bb0155]\]. Studies with pregnancy cases were not included in the analysis. Among evaluated studies, meta-analysis was performed to estimate effect size of long wait-time and oncologic outcome (DFS and OS).

3. Results {#s0040}
==========

There were 230 women with stage IA-IIA cervical cancer identified during the study period. Of those, 13 women were excluded (11 women with pre-invasive disease and 2 women without wait-time information), and the remaining 217 women represented the study population. The median wait-time for the whole cohort was 55 (IQR 41--82) days; 110 (50.7%) women had a short wait-time and 107 (49.3%) had a long wait-time. The group-specific median wait-time was 41 (IQR 29--49) days for the short wait-time group and 82 (IQR 66--119) days for the long wait-time group, respectively.

Patient demographics are shown in [Table 1](#t0005){ref-type="table"} . In this cohort, the median age was 45 years, and the most common histology was squamous (*n* = 148, 68.2%). The two most common cancer stages were IB1 (*n* = 64, 29.5%) and IA1 (*n* = 63, 29.0%), followed by IB2 (*n* = 55, 25.3%). Among the measured variables, cancer stage was the only preoperative factor associated with wait-time. Specifically, higher stage was associated with shorter wait-time among stage T1 disease (79, 65, 52, 49, and 42 days for stage IA1, IA2, IB1, IB2, and IB3 respectively, absolute difference 37 days; *P* \< 0.001).Table 1Patient demographics (*N* = 217).Table 1CharacteristicShort wait-timeLong wait-time*P*-valueNumber*n* = 110*n* = 107Age47.5 (10.8)46.7 (11.6)0.463 \<306 (5.5%)3 (2.8%) 30--3924 (21.8%)29 (27.1%) 40--4937 (33.6%)42 (39.3%) 50--5926 (23.6%)17 (15.9%) 60--6915 (13.6%)12 (11.2%) ≥702 (1.8%)4 (3.7%)Year0.709 2000--200525 (22.7%)20 (18.7%) 2006--201159 (53.6%)58 (54.2%) 2012--201726 (23.6%)29 (27.1%)Race/ethnicity0.617 White10 (9.1%)7 (6.5%) Black5 (4.5%)4 (3.7%) Hispanic77 (70.0%)80 (74.8%) Asian11 (10.0%)6 (5.6%) Others\*7 (6.4%)10 (9.3%)Parity0.972 Nullipara7 (6.4%)6 (5.6%) Multipara97 (88.2%)95 (88.8%) Unknown6 (5.5%)6 (5.6%)Body habitus\*\*0.358 Normal/underweight27 (24.5%)16 (15.0%) Overweight35 (31.8%)30 (28.0%) Class I26 (23.6%)28 (26.2%) Class II5 (4.5%)8 (7.5%) Class III6 (5.5%)8 (7.5%) Unknown11 (10.0%)17 (15.9%)Cigarette use0.924 No92 (83.6%)88 (82.2%) Yes14 (12.7%)14 (13.1%) Unknown4 (3.6%)5 (4.7%)Histology0.178 Squamous72 (65.5%)76 (71.0%) Adenocarcinoma32 (29.1%)22 (20.6%) Adenosquamous6 (5.5%)6 (5.6%) Others03 (2.8%)Clinical stage\<0.001 IA120 (18.2%)43 (40.2%) IA28 (7.3%)13 (12.1%) IB136 (32.7%)28 (26.2%) IB239 (35.5%)16 (15.0%) IB36 (5.5%)3 (2.8%) IIA1 (0.9%)4 (3.7%)Pelvic nodal mets\<0.001 No81 (73.6%)61 (57.0%) Yes15 (13.6%)6 (5.6%) Not sampled14 (12.7%)40 (37.4%)Para-aortic nodal mets0.679 No15 (13.6%)11 (10.3%) Yes2 (1.8%)3 (2.8%) Not sampled93 (84.5%)93 (86.9%)Surgery type0.004 Abdominal RH^†^80 (72.7%)52 (48.6%) LSC RH6 (5.5%)8 (7.5%) RA-RH1 (0.9%)4 (3.7%) TAH10 (9.1%)21 (19.6%) TLH4 (3.6%)15 (14.0%) Vaginal6 (5.5%)3 (2.8%) Trachelectomy1 (0.9%)3 (2.8%) Unknown2 (1.8%)1 (0.9%)Adnexectomy0.718 No43 (39.1%)39 (36.4%) Yes64 (58.2%)63 (58.9%) Unknown3 (2.7%)5 (4.7%)Postop radiotherapy0.007 No75 (68.2%)90 (84.1%) Yes35 (31.8%)17 (15.9%)WBC7.8 (2.2)7.8 (2.2)0.780 \<1092 (83.6%)93 (86.9%) ≥1017 (15.5%)13 (12.1%) Unknown1 (0.9%)1 (0.9%)Hemoglobin12.9 (1.5)12.6 (1.8)0.949 ≥10102 (92.7%)98 (91.6%) \<107 (6.4%)8 (7.5%) Unknown1 (0.9%)1 (0.9%)Platelet272 (74)288 (78)0.114 \<400104 (94.5%)98 (91.6%) ≥4005 (4.5%)8 (7.5%) Unknown1 (0.9%)1 (0.9%)HCO~3~25.3 (2.9)24.8 (2.9)0.994 \<2393 (84.5%)91 (85.0%) ≥2316 (14.5%)15 (14.0%) Unknown1 (0.9%)1 (0.9%)BUN12.0 (3.8)12.3 (4.8)0.748 ≤20106 (96.4%)101 (94.4%) \>203 (2.7%)5 (4.7%) Unknown1 (0.9%)1 (0.9%)Creatinine0.6 (0.1)0.6 (0.1)0.832 ≤1.0108 (98.2%)104 (97.2%) \>1.01 (0.9%)1 (0.9%) Unknown1 (0.9%)2 (1.9%)Albumin4.3 (0.4)4.3 (0.4)0.996 ≥4.092 (83.6%)89 (83.2%) \<4.017 (15.5%)17 (15.9%) Unknown1 (0.9%)1 (0.9%)[^2]

In a propensity score weighted model (*n* = 272), the measured covariates were overall balanced without clinical imbalance between the two groups (all, SD ≤ 0.20; [Fig. 1](#f0005){ref-type="fig"} and Table S1). The median follow-up of the weighted model was 4.6 years, with 21 (7.8%) recurrences and 14 (5.1%) deaths during follow-up. Women in the long wait-time group had DFS (4.5-year rates 91.2% *versus* 90.7%, HR 1.11, 95%CI 0.47--2.59, *P* = 0.818; [Fig. 2](#f0010){ref-type="fig"}A) and OS (4.5-year rates 95.0% *versus* 97.4%, HR 1.47, 95%CI 0.50--4.31, *P* = 0.487; [Fig. 2](#f0010){ref-type="fig"}B) similar to those in the short wait-time group. This association was unchanged when the whole cohort was analyzed with a generalized boosted model (data not shown).Fig. 1Balance statistics with standardized difference for PS-IPTW.Standardized differences before and after PS-IPTW are shown: the value of \>0.2 indicates presence of size effect for clinical imbalance between the two groups. Abbreviations: PS-IPTW, propensity score inverse probability of treatment weighting; LND, lymphadenectomy.Fig. 1Fig. 2Survival outcomes based on wait-time for surgery in the whole cohort (PS-IPTW model).Disease-free survival (panel A) and overall survival (panel B) are shown based on wait-time from cervical cancer diagnosis to hysterectomy or trachelectomy. Cox proportional hazard regression model for *P*-values. Color bands indicate 95% confidence interval.Fig. 2

In a sensitivity analysis, cases were limited to stage IB-IIA disease. In a propensity score weighted model (*n* = 158), there were 24 (15.2%) recurrences and 14 (8.9%) deaths during the follow-up (median, 4.8 years). Similar to the whole cohort, long wait-time was statistically not associated with DFS (4.5-year rates 83.4% *versus* 84.3%, HR 1.21, 95%CI 0.54--2.70, *P* = 0.647; [Fig. 3](#f0015){ref-type="fig"}A) and OS (4.5-year rates 91.1% *versus* 97.4%, HR 2.40, 95%CI 0.75--7.61, *P* = 0.137; [Fig. 3](#f0015){ref-type="fig"}B) when compared to the short wait-time in a propensity score weighted model.Fig. 3Survival outcomes based on wait-time for surgery in stage IB-IIA disease (PS-IPTW model).Disease-free survival (panel A) and overall survival (panel B) are shown based on wait-time from cervical cancer diagnosis to hysterectomy or trachelectomy. Cox proportional hazard regression model for P-values. Color bands indicate 95% confidence interval.Fig. 3

Among squamous tumors (*n* = 186) in a propensity score weighted model, there were 16 (8.6%) recurrences and 13 (7.0%) deaths recorded during follow-up (median, 4.4 years). DFS (4.5-year rates 85.6% *versus* 92.3%, HR 1.67, 95%CI 0.61--4.56, *P* = 0.318; Fig. S3A) and OS (4.5-year rates 90.0% *versus* 97.8%, HR 2.30, 95%CI 0.67--7.98, *P* = 0.187; Fig. S3B) were statistically similar between the long wait-time group and the short wait-time group.

Moreover, when wait-time was examined as a continuous variable, there was no association with DFS (adjusted-HR per one additional wait day 0.99, 95%CI 0.97--1.01, *P* = 0.290) and overall survival (adjusted-HR per one additional wait day 0.99, 95%CI 0.98--1.01, *P* = 0.166). After controlling for age, stage, histology, nodal status, and postoperative therapy, this association remained unchanged (data not shown).

4. Discussion {#s0045}
=============

Key findings of the current study are that nearly half of our study patients had a surgical wait-time of approximately two months and wait-time of 8 weeks for hysterectomy was not associated with decreased oncologic outcome in the short-term. Several areas deserve further discussion.

In April 2020, the number of Covid-19 cases and related deaths is continuing to increase in the United States \[[@bb0160]\]. Some of the most Covid-19 burdened areas in the United States are high incidence areas of cervical cancer \[[@bb0165],[@bb0170]\]. Thus, it is likely that there are a number of patients in whom hysterectomy for early cervical cancer is being postponed for a variety of reasons, such as hospital restriction, patient\'s infection, or surgeon\'s choice. As delay in surgery would most likely cause anxiety in both patient and care providers, data examining the outcome of long wait-time for cervical cancer surgery is of utmost importance in the current Covid-19 pandemic.

A systematic literature review found that evidence examining the association between surgery wait-time and oncologic outcome has been fairly limited (Fig. S4). There were only three studies that met the study searching criteria, including the current study, and the sample size of these studies were relatively small (median 217 cases, range 117--441; [Table 2](#t0010){ref-type="table"} ) \[[@bb0080],[@bb0085]\]. In a retrospective cohort study of 117 patients diagnosed with IA-IIA cervical cancer at a single institution in Japan, with the median follow-up of 4.3 years, longer wait-time ≥ 50 days to surgery was not associated with DFS or OS \[[@bb0085]\].Table 2Wait-time for surgical treatment and oncologic outcome (systematic review).Table 2AuthorUmezu \[[@bb0085]\]Nanthamongkolkul \[[@bb0080]\]Matsuo\*CountryJapanThailandUnited StatesYear201220152020No.*n* = 117*n* = 441*n* = 217StageIA-IIA (FIGO 2009)IA2-IB1 (FIGO 2009)IA-IIA (FIGO 2018)TreatmentSurgerySurgerySurgeryPopulationNANAHispanic (72.4%)Median wait-time48 days43 days55 daysCutoff for wait-time50 days56 days56 daysMedian follow-up4.3 years4.2 years4.6 yearsDFS HR (95%CI)NA0.9 (0.5--1.6)1.11 (0.47--2.59) 5-yr rates80.9% *vs* 91.4%89.6% *vs* 86.8%91.2% *vs* 90.7%\*\* *P*-value*P* = 0.106*P* = 0.677*P* = 0.818OS HR (95%CI)NANA^†^1.47 (0.50--4.31) 5-yr rates92.5% *vs* 96.7%96.0% *vs* 90.7%95.0% *vs* 97.4%\*\* *P*-value*P* = 0.653*P* = 0.973*P* = 0.487[^3]

Another retrospective study from Thailand examining 441 cases of stage IA2-IB1 cervical cancer showed that 5-year DFS (89.6% *versus* 86.8%) and OS (96.0% *versus* 90.7%) rates were statistically similar between wait-time of ≥8 *versus* \< 8 weeks \[[@bb0080]\]. Notably, the survival curves crossed over at around 8 years, and a time-varying analysis showed that those in the long wait-time group had poorer OS *versus* the short wait-time group after 5 years. As the median follow-up of their study was short (4.2 years), the interpretation of long follow-up is limited. Last, our study found that with the median follow-up of 4.6 years, longer wait-time ≥ 8 weeks to surgery was not associated with decreased survival in women with clinical stage IA-IIA cervical cancer.

Collectively, the Thailand and U.S. studies were evaluable for statistical output to estimate the effect size of long-wait time for survival outcome ([Fig. 4](#f0020){ref-type="fig"} ). The available data from the two studies suggest a limited/modest effect of longer wait-time for surgery on survival. A pooled HR of surgery wait-time of ≥8 weeks for DFS was 0.96 (95%CI 0.59--1.55). In an exploratory analysis, effect size for OS was estimated by combining HR from our study and two time-varying HRs from the Thailand study as their study did not provide overall HR for OS \[[@bb0080]\]. A pooled HR for OS was 1.29 (95%CI 0.37--4.48) but the wide range of 95%CI dilutes the interpretation of results, necessitating further studies to examine this association.Fig. 4Forest plots for survival estimates (systematic review).Forest plots for (A) DFS (B) OS are shown. In an exploratory analysis, two time-varying HRs from one study \[[@bb0080]\] were analyzed as discrete values. A forest plot from a random effect analysis of two studies including our study stratified by inclusion criteria of systematic review. Centers of squares and horizontal bars through each indicate point and 95% confidence interval estimates of individual study hazard ratio. Area of squares indicates the relative weights of the individual studies. Moderate heterogeneity (*I*^*2*^ = 74%) was observed in OS analysis and no heterogeneity (*I*^*2*^ = 0%) was observed in DFS analysis. Some values listed above might be slightly different from the original values because of calculating by Revman5.3™. Abbreviations: DFS, disease-free survival; and CI, confidence interval.Fig. 4

A rationalized hypothesis to explain our study results is that cervical cancer tumors may grow slowly when disease is in an early stage, and waiting for surgical treatment for a short period of time may not impact oncologic outcome in early disease. This is based on the observation that disease progression is rare among women with pregnancy complicated by early-stage cervical cancer, and those affected patients often undergo expectant delay in delivery for the purpose of fetal maturation during pregnancy without compromising survival outcome \[[@bb0175], [@bb0180], [@bb0185], [@bb0190], [@bb0195], [@bb0200], [@bb0205]\].

The median wait-time for surgical treatment in early cervical cancer ranged from 43 to 55 days among the published literature including our study ([Table 2](#t0010){ref-type="table"}). This means that nearly half of patients with early cervical cancer wait more than two months to receive surgical treatment in real-world practice. Of note, this median wait-time for hysterectomy is similar to the 6--8 week time-frame suggested by the expert panel for postponing surgery during the Covid-19 pandemic \[[@bb0050]\]. It is therefore speculated that surgery wait-time of 6--8 weeks may not be considered a "prolonged" wait-time period for early cervical cancer.

However, this data needs to be interpreted with caution in the case of higher stage disease. In our analysis, albeit statistically non-significant, survival probability and hazard risk for OS in stage IB-IIA diseases was pointing towards a negative impact with long wait-time for surgery (5-year OS rate 91.1% *versus* 97.4%; HR 2.40, 95%CI 0.75--7.61). The wide range of confidence interval clearly implies that sample size and event number were both limited to detect statistically significant difference. Moreover, the number of patients with stage IB disease with tumor size 2-4 cm was limited for sensitivity analysis on this subcohort. With α-level of 0.05, our study was underpowered for OS in stage IB-IIA disease (\<80%).

Our study also found that, of the measured variables, cancer stage was the only preoperative factor associated with wait-time. Specifically, patients with higher clinical cancer stage tended to have shorter wait-time from diagnosis to surgery, and there was approximately a five-week difference in wait-time between stage IA and IB3 disease in our study. This is similar to the findings in other studies, in which patients with shorter wait-times tended to have larger and higher-stage tumors \[[@bb0065],[@bb0070]\].

Strengths of this study include that a statistical analysis with propensity score inverse probability of treatment weighting enriched the statistical rigor. Additional sensitivity analysis and systematic literature review with meta-analysis enhanced the robustness of study findings. A limitation of the study includes that this is a retrospective study that may have an unmeasured bias. For example, the exact reason for delay from diagnosis to surgery is not retrievable from the archived records. Performance status, medical condition, and socio-economic reasons may have affected the wait-time as well as the survival outcome, and missing these factors limit the interpretation of the study. It is also possible that longer follow-up would elucidate differences in OS, as a prior study found differences in outcomes only after 5 years of follow-up \[[@bb0080]\]. Most importantly, the sample size of our study is somehow limited raising the potential for type II error as described earlier.

In conclusion, our study suggests that a wait-time of 8 weeks between diagnosis and definitive surgical treatment with hysterectomy or trachelectomy may not increase risk of short-term disease recurrence in women with early-stage cervical cancer. While this information partly supports the recent suggestion to consider postponement of surgery for 6--8 weeks for the management of early cervical cancer during the Covid-19 pandemic, further studies with a larger sample size are warranted to examine the effect of long wait-time on survival in stage IB-IIA cervical cancer, particularly for tumor size \>2 cm.

Last, while most of women with early-stage cervical cancer undergo surgical treatment in the United States (Supplemental Fig. S1), consideration of non-surgical approaches with definitive chemo-radiotherapy may also need to be considered if the Covid-19 crisis is sustained \[[@bb0210]\]. A prior phase III clinical trial showed a similar survival outcome between an upfront surgical approach and definitive radiotherapy for early-stage cervical cancer \[[@bb0215]\].
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[^1]: Contributed equally to the work.

[^2]: Mean (standard deviation) or number (percentage per group) is shown. Univariable analysis for *P*-value. \*including unknown. \*\*Per the CDC classification. †including type II. Abbreviations: RH, radical hysterectomy; LSC, laparoscopic; RA, robotic-assisted; TAH, total abdominal hysterectomy; mets, metastasis; TLH, total laparoscopic hysterectomy; and postop, postoperative.

[^3]: Wait-time is shown in days. Survival rates represent long wait-time *versus* short wait-time. † 5-year OS rates were similar (*P* = 0.973) but the authors reported the results of time-varying analysis demonstrating that waiting-time ≥ 56 days was associated with improved OS before 5 years (HR 0.4, 95%CI 0.1--1.3) and decreased OS after 5 years (HR 3.4, 95%CI 1.3--9.2). \*Current study. \*\*4.5-year survival rates. Abbreviations: HR, hazard ratio; CI, confidence interval, FIGO, International Federation of Gynecology and Obstetrics; CRT, concurrent chemoradiotherapy; NA, not available; yr, year; DFS, disease-free survival; and OS, overall survival.
